Abstract. Patients with triple negative breast cancer (TNBC) have a poor survival rate following chemotherapy due to drug resistance. Notably, the molecular mechanism of drug resistance remains elusive. Between December 2011 and December 2014, 36 TNBC samples were obtained from Liaocheng People's Hospital. Three gemcitabine-resistant MDA-MB-231 cell lines (MDA-MB-231rGEM1, MDA-MB-231rGEM2 and MDA-MB-231rGEM3) were obtained by exposure of MDA-MB-231 cells to increasing concentrations of gemcitabine for >12 months. Reverse transcription-quantitative polymerase chain reaction was performed to detect the expression levels of specific genes, including microRNA (miR)-620, ATP-binding cassette sub-family B member 1 (ABCB1), ABCC10, cytidine monophosphate kinase, deoxycytidine monophosphate deaminase (DCTD), nucleoside diphosphate kinase 1 (NME1), ribonucleoside-diphosphate reductase large subunit (RRM1) and RRMB2. Western blot analysis was performed to assess the protein expression levels of DCTD. Furthermore, cell proliferation was assessed using a Cell Counting Kit-8 assay and cell apoptosis was detected using an Annexin V/Dead Cell Apoptosis kit. Interactions between miR-620 and DCTD were predicted using TargetScan and detected with the dual luciferase reporter assay. Elevation of miR-620 expression levels were detected in two of the assessed gemcitabine-resistant MDA-MB-231 cell lines compared with MDA-MB-231 cells. Gemcitabine induced significant elevation of miR-620 in MDA-MB-231 cells. An increase of DCTD at mRNA and protein expression levels in MDA-MB-231rGEM1 cells was observed compared with those in MDA-MB-231 cells. Results suggested that DCTD was directly regulated by miR-620.
Introduction
Breast cancer remains a leading cause of fatality in women worldwide (1) . According to the expression of estrogen receptor α (ERα), progesterone receptor (PR) and human epidermal growth factor receptor-2 (Her2), breast cancer can be classified into three different types, including ERα+, Her2+ and triple negative breast cancer (TNBC) (2) . Due to the lack of ERα, PR and Her2 expression in patients with TNBC, gemcitabine-based chemotherapy is one of the major procedures for the treatment of TNBC (3) . However, the survival of patients with TNBC receiving chemotherapy is compromised due to intrinsic or acquired resistance to gemcitabine (4) . The molecular mechanism for gemcitabine resistance is common among various cancer types, including breast cancer, which is complicated and still poorly understood (5) .
MicroRNAs (miRs) are small non-coding RNAs that were identified decades ago (6) . Deregulation of miRs has been reported to contribute to various diseases, including cancer (7, 8) . During cancer progression, miRs regulate their target genes to promote or inhibit cancer cell proliferation, metastasis, apoptosis and drug resistance (9) (10) (11) . In breast cancer, dysregulation of miR patterns is also associated with chemoresistance (12) . Several miRs, including miR-34a, miR-21 and miR-489, have been identified to promote chemoresistance via targeting their specific target genes (13) (14) (15) .
In breast cancer, a set of genes have been proved to contribute to gemcitabine resistance via deoxycytidine monophosphate deaminase (DCTD) (16) . DCTD catalyzes the deamination of dCMP to dUMP, and its underexpression can induce dNTP pool imbalance, which affects DNA amplification (17) . Thus, decreased DCTD would reduce gemcitabine self-potentiation so as to cause drug resistance (18) . However,
Overexpression of microRNA-620 facilitates the resistance of triple negative breast cancer cells to gemcitabine treatment by targeting DCTD
to the best of our knowledge the regulatory mechanism of DCTD in gemcitabine-resistant breast cancer has not been studied yet.
In the current study, miR-620 levels were assessed in gemcitabine-resistant TNBC cells. Luciferase assays, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and western blot analysis were performed to assess if DCTD, a gene associated with gemcitabine resistance, was directly regulated by miR-620 in TNBC cells. Furthermore, TNBC cells were assessed following the inhibition of miR-620 or silencing of DCTD in TNBC cells. The present study further extended current understandings on chemoresistance of TNBC and implied miR-620 as a promising prognostic and therapeutic target for patients with gemcitabine-resistant TNBC.
Materials and methods

Patients.
Patients who received radiotherapy, chemotherapy or surgery were excluded from the current study. Between December 2011 and December 2014, 36 TNBC samples were obtained from patients with TNBC in Liaocheng People's Hospital (Liaocheng, China). The adjacent normal tissues were extracted ≥5 cm away from the tumor tissues. Patients (20 males and 16 females) were aged from 43 to 65 years old. A total of 21 gemcitabine-sensitive patients with TNBC [who had reached pCR (pathologic complete response) following gemcitabine-based neoadjuvant chemotherapy] and 15 patients with gemcitabine-resistant TNBC (tumor size was the same or larger at the time of surgical removal) were enrolled in the research. The detailed clinicopathologic features are indicated in Table I . All patients provided written consent prior to surgery, and the present study was approved by the Ethics Committee of Liaocheng People's Hospital. Tissues were immediately frozen at liquid nitrogen with the temperature of -196˚C for RNA extraction.
Cell culture. Human TNBC MDA-MB-231 and BT549 cell lines were obtained from American Type Culture Collection (Manassas, VA, USA). Three gemcitabine-resistant MDA-MB-231 cell lines (MDA-MB-231rGEM1, MDA-MB-231rGEM2 and MDA-MB-231rGEM3) were generated by continuous exposure of MDA-MB-231 cells to increasing concentrations of gemcitabine for >12 months as described previously study (19) . All cell lines were cultured in Dulbecco's Minimum Essential Medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (Hyclone, Logan, UT, USA) in an incubator containing 5% CO 2 . For analysis of the gemcitabine response, increased concentrations of gemcitabine were added into the culture medium of MDA-MB-231 cells and gemcitabine-resistant MDA-MB-231 cells for 0, 24, 48 and 72 h. Subsequently, cells were subjected to further experiments.
Inhibition and overexpression of miR-620. miR-NC inhibitor, miR-620 inhibitor, miR-NC mimic and miR-620 mimic were purchased from Shanghai GenePharma Co., Ltd. (Shanghai, China). The sequences were as follows: miR-NC inhibitor, 5'-UUC UCC GAA CGU GUC ACG UUU-3'; miR-620 inhibitor, 5'-AUU UCU AUA UCU CCA UUU-3'; miR-NC mimic, 5'-UCG CUU GGU GCA GGU CGG G-3'; miR-620 mimic, 5'-AUG GAG AUA GAU AUA GAA AUU U-3'. The control group was treated with Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). A total of 30 nM miR-NC inhibitor, miR-620 inhibitor, miR-NC mimic and miR-620 mimic were transfected with Lipofectamine 2000 into cells at 37˚C 24 h prior to subsequent experiments.
RNA extraction and RT-qPCR. Total RNA of tissues and cells was isolated using the miRNeasy mini kit (Qiagen, Inc., Valencia, CA, USA) according to the manufacturer's instructions. cDNA was synthesized using the M-MLV kit (Thermo Fisher Scientific, Inc.). Following this, qPCR was performed to detect the expression levels of specific genes using SYBR Premix Ex Taq (Takara Bio, Inc., Otsu, Japan). GAPDH and U6 served as internal controls for mRNA and miR, respectively. The primer sequences were as follows: Stem loop primer, 5'-CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG ATT TCT A-3'; miR-620-forward (F): 5'-GCC GAG ATG GAG ATA GAT AT-3'; miR-620-reverse (R), 5'-CTC AAC TGG TGT CGT GGA-3'; DCTD-F, 5'-TGC AAG AAA CGG GAC GAC TAT-3'; DCTD-R, 5'-ATC ACT GCA CCC ATT TGG CAT-3'; U6-F, 5'-CTC GCT TCG GCA GCA CA-3', and U6-R, 5'-AAC GCT TCA CGA ATT TGC GT-3'; GAPDH-F, 5'-GAA ATC CCA TCA CCA TCT TCC AGG-3' and GAPDH-R, 5'-GAG CCC CAG CCT TCT CCA TG-3'. The PCR conditions were as follows: 95˚C for 5 min followed by 40 cycles of amplification at 95˚C for 30 sec, 57˚C for 30 sec and 72˚C for 30 sec. The relative expression levels of indicated genes were calculated using the 2 -ΔΔCq method (20) .
Western blot analysis. GAPDH antibody was purchased from Zhejiang Kangchen Biotech Co., Ltd. (Wuhan, China). DCTD antibody was bought from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA). Secondary antibodies against rabbit and mouse were bought from Abcam (Cambridge, MA, USA). Cell lysates were prepared using radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) with protease inhibitor (Sigma Aldrich; Merck KGaA, Darmstadt, Germany). Protein concentration was determined using the BCA method. Proteins (15 µg/lane) were separated by SDS-PAGE using an 8% gel and transferred to a polyvinylidene difluoride membrane (EMD Millipore, Billerica, MA, USA). Following blocking in 5% non-fat milk at room temperature for 2 h, the membranes were washed with Tris-buffered saline with Tween-20 and incubated with the primary antibodies against DCTD (cat. no. ab183607) and GAPDH (cat. no. ab181602; both 1:1,000; Abcam) overnight at 4˚C. On the following day, the membranes were incubated in horseradish peroxidase-conjugated goat anti-rabbit secondary antibodies (cat. no. ab6721; 1:2,000; Abcam) for 1 h at room temperature. The bands were developed using an enhanced chemiluminescence detection agent (Thermo Fisher Scientific, Inc.) and the images were obtained with a densitometer (GS-700; Bio-Rad Laboratories, Inc., Hercules, CA, USA). GAPDH was used as an internal control. Densitometry was achieved by Image J version 1.8.0 (National Institutes of Health, Bethesda, MD, USA).
Cell proliferation assay and calculation of IC 50 . The cell proliferation assay was performed with Cell Counting Kit-8 (CCK8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). MDA-MB-231, MDA-MB-231rGEM1 and MDA-MB-231rGEM2 cells (1x10 3 /well) were seeded into 96-well plates with DMEM with 10% FBS (Invitrogen; Thermo Fisher Scientific, Inc.) containing vehicle (0.9% NaCl in water) or various concentrations of gemcitabine (0, 0.1, 1, 10, 100 and 100 nM; Selleck Chemicals, Houston, TX, USA) and sustained at 37˚C for 72 h. Following this, 10 µl CCK8 solution was added into each well and incubated at 37˚C for 1 h. For each well, the absorbance at 450 nm was measured using a microplate reader (Bio-Rad Laboratories, Inc.). The IC 50 (the cell proliferation that was inhibited by 50% compared with cells in control group) was calculated using CompuSyn software (version 1.0; ComboSyn, Inc., Paramus, NJ, USA).
Cell apoptosis assay. Cell apoptosis was detected using the Annexin V/Dead Cell Apoptosis Kit (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Cells were trypsinized and suspended in annexin binding buffer. Following this, propidium iodide (PI) and annexin v-fluorescein isothiocyanate (FITC) were added into the cell suspension and incubated for 15 min. The stained cells were analyzed on a BD FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA). Cells that were positive for annexin V-FITC staining and negative staining for PI were considered as early apoptotic cells, whereas cells that were positive for Annexin V-FITC staining and PI staining were considered as late apoptotic cells. The results were analyzed using FlowJo software (version 10.3; FlowJo LLC, Ashland, OR, USA).
Construction and transfection of plasmid. The full length of DCTD was amplified from the cDNA of 293 cells and ligated into pcDNA3 (YouBio, Changsha, China). For the overexpression of DCTD, 2 µg pcDNA3-DCTD was mixed with Lipofectamine 2000 in Opti-MEM (Invitrogen; Thermo Fisher Scientific, Inc.) for 15 min and then added into the culture medium in each well of the 6-well plates. The control group was transfected with 2 µg pcDNA3 plasmid with the same method. Following 24 h of incubation, the cells were subjected to further experiments.
Luciferase reporter assay. The binding site between DCTD and miR-620 was first predicted by TargetScan (http://www. targetscan.org/vert_71/). The 3'-untranslated region (UTR) of DCTD was amplified from cDNA of 293 and inserted into pGL-3 (Promega Corporation, Madison, WI, USA). The mutated DCTD 3'-UTR was generated using site-directed mutagenesis kit (Agilent Technologies, Inc., Santa Clara, CA, USA) according to the manufacturer's protocol. 293 cells were cotransfected with pGL3-DCTD 3'-UTR wild-type (WT) or pGL3-DCTD 3'-UTR mutant (Mut), miR-620 mimics or miR-NC mimics and internal control Renilla plasmid using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Following a total of 24 h, the activity of luciferase and Renilla activity was detected using a Dual Luciferase Reporter Assay Kit (Promega Corporation) according to the manufacturer's protocol.
Statistical analysis. All data were analyzed using GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA), and results were presented as the mean ± standard deviation. Differences between two groups were compared using a Student's t-test. Differences among three or more groups were analyzed with one-way analysis of variance followed by Newman-Keuls analysis. The correlation between miR-620 and DCTD mRNA expression was analyzed by a Spearman's correlation coefficient test. P<0.05 was considered to indicate a statistically significant difference.
Results
Generation of gemcitabine-resistant MDA-MB-231 cell lines.
To explore the molecular mechanism of gemcitabine resistance in TNBC, gemcitabine-resistant MDA-MB-231 cell lines were developed by continuous exposure of MDA-MB-231 cells to gemcitabine. As indicated in Fig. 1 , MDA-MB-231 cells were sensitive towards gemcitabine (IC 50 =1.47 nM), gemcitabine-resistant MDA-MB-231 cells (MDA-MB-231rGEM1 and MDA-MB-231rGEM2) were relatively insensitive towards gemcitabine (IC 50 =41.11 nM and IC 50 =30.28 nM, respectively). These results indicated that MDA-MB-231rGEM1 and MDA-MB-231rGEM2 were useful gemcitabine-resistant TNBC models.
DCTD is upregulated in gemcitabine-resistant MDA-MB-231 cells.
Previous research identified that deregulation of 7 genes (ABCB1, ABCC10, CMPK1, DCTD, NME1, RRM1 and RRMB1) was involved in the development of gemcitabine resistance (16) . Consequently, the mRNA levels of these 7 genes were detected in MDA-MB-231, MDA-MB-231rGEM1 and MDA-MB-231rGEM2 cells. RT-qPCR data revealed that DCTD mRNA expression levels were significantly decreased in MDA-MB-231rGEM1 and MDA-MB-231rGEM2 cells compared with that in MDA-MB-231 cells (Fig. 2A) . In addition, DCTD protein expression levels were also downregulated in MDA-MB-231rGEM1 and MDA-MB-231rGEM2 cells when compared with MDA-MB-231 cells (Fig. 2B) .
Upregulation of miR-620 in gemcitabine-resistant MDA-MB-231 cells negatively regulates DCTD. miR-620
expression levels were measured in MDA-MB-231rGEM1, MDA-MB-231rGEM2 cells and their parental MDA-MB-231 cells. miR-620 expression levels were significantly upregulated in MDA-MB-231rGEM1 compared with parental MDA-MB-231 cells. In addition, miR-620 expression levels were significantly upregulated in MDA-MB-231rGEM2 cells compared with MDA-MB-231rGEM1 cells (Fig. 3A) . To investigate whether elevation of miR-620 contributed to the deregulation of DCTD in gemcitabine-resistant MDA-MB-231 cells, an miR-620 inhibitor was used to explore the association between miR-620 and DCTD. Compared with MDA-MB-231rGEM1 cells transfected with miR-NC inhibitor, transfection with miR-620 inhibitor significantly decreased miR-620 expression levels and increased DCTD mRNA expression levels ( Fig. 3B and C) . Additionally, inhibition of miR-620 upregulated DCTD protein expression levels in MDA-MB-231rGEM1 cells. These data suggested that miR-620 may contribute to gemcitabine resistance via regulation of DCTD.
DCTD is directly regulated by miR-620. Using TargetScan, it was predicted DCTD was a target gene of miR-620 (Fig. 4A) . To validate the regulatory association between miR-620 and DCTD, dual luciferase activity was performed. In 293, miR-620 mimics significantly suppressed the luciferase activity of cells transfected with DCTD 3'-UTR-WT, but not DCTD 3'-UTR-Mut, when compared with miR-NC mimics (Fig. 4B) . These results confirmed that miR-620 directly regulated DCTD mRNA expression levels via binding to its 3'-UTR.
miR-620 contributes to gemcitabine resistance through DCTD. To verify whether miR-620 and DCTD were involved in the development of gemcitabine resistance, DCTD was overexpressed in MDA-MB-231rGEM1 cells via transfection of pcDNA3-DCTD (Fig. 5A ). Subsequently, cell proliferation of MDA-MB-231rGEM1 cells was determined following 20 nM gemcitabine treatment with or without transfection of miR-620 inhibitor or pcDNA3-DCTD. As indicated in Fig. 5B , miR-620 inhibition or overexpression of DCTD significantly enhanced the sensitivity of MDA-MB-231rGEM1 cells to gemcitabine (Fig. 5B) . Consistently, transfection with miR-620 inhibitor or pcDNA3-DCTD significantly induced cell apoptosis in MDA-MB-231rGEM1 cells in response to 20 nM gemcitabine treatment (Fig. 5C and D) . These results confirmed the hypothesis that upregulation of miR-620 conferred gemcitabine resistance in TNBC cells via regulation of DCTD. Altered expression of miR-620 and DCTD contributes to gemcitabine resistance in patients with TNBC. The expression of miR-620 and DCTD was assessed in tumor tissues obtained from 21 patients with gemcitabine-sensitive TNBC and pCR (pathologic complete response) following gemcitabine-based neoadjuvant chemotherapy and 15 patients with gemcitabine-resistant TNBC (the tumor size was the same or larger at the time of surgical removal). As expected, miR-620 expression levels were significantly increased in tumor tissues from patients with gemcitabine-resistant TNBC whereas DCTD mRNA expression levels were significantly decreased ( Fig. 6A and B) . Furthermore, a negative correlation between miR-620 and DCTD mRNA expression was observed (Fig. 6C ).
Discussion
As a first-line drug for chemotherapy in patients with recurrent or metastatic cancer, gemcitabine can improve prognosis of patients with TNBC with a response rate as high as 78.6% (21) . However, TNBC cells gradually bypass the desired cell apoptosis and develop chemoresistance, which typically leads to patient fatality (22) . A previous study indicated that the metabolic pathway of gemcitabine is involved in gemcitabine resistance (23) . In the present study, it was revealed that miR-620 could negatively regulate DCTD, which is a key gene in gemcitabine metabolism, to contribute to gemcitabine resistance in TNBC.
Various miRs, such as miR-608 and miR-145, have been indicated to promote gemcitabine resistance (24, 25) . In breast cancer, prostate cancer and pancreatic cancer cells, miR-620 upregulation could promote cell proliferation and decrease the number of cells in the G 2 /M phase so as to contribute to radiation resistance (26) . In the present work, an elevation of miR-620 in gemcitabine-resistant MDA-MB-231 cells was indicated. Additionally, inhibition of miR-620 evoked cell apoptosis and cell growth arrest in MDA-MB-231rGEM1 cells treated with gemcitabine, which indicated that downregulation of miR-620 DCTD promotes catalysis of deamination and converts dCMP to dUMP (17) . In the gemcitabine metabolic pathway, DCTD transfers gemcitabine monophosphate to difluorodeoxyuridine monophosphate to inhibit thymidylate synthetase (27) . Decreased DCTD expression leads to the reduction of gemcitabine self-potential by interference of dNTP pool, and multi-factorial, principal component analysis suggested that the low expression of DCTD was associated with gemcitabine resistance in breast cancer (16) . High expression of DCTD has also been linked to shortened overall survival in patients with gliomas (28) . In the present study, a decrease of DCTD in gemcitabine-resistant MDA-MB-231 cells was indicated. Further study revealed that DCTD was directly regulated by miR-620 in MDA-MB-231rGEM1 cells. In addition, DCTD overexpression could reverse gemcitabine resistance in MDA-MB-231rGEM1 cells, inducing cell growth arrest and cell apoptosis. Furthermore, there was a negative correlation between miR-620 and DCTD in patients with TNBC. The present data extended current knowledge on the regulation of DCTD, and further implied a DCTD-miR-620 interplay during the development of gemcitabine resistance.
In conclusion, the present findings suggested miR-620 as a novel factor in promoting gemcitabine resistance in TNBC. Furthermore, miR-620 may contribute to gemcitabine resistance via directly targeting DCTD. Thus, the present work indicated that miR-620 could be a predictor for gemcitabine sensitivity of patients with TNBC and a therapeutic target for patients with gemcitabine-resistant TNBC.
